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I. Basis of the report 

^' l^^rioS ^""^^^^ elements of the international application (Replacement sheets which have been furnished to 
in/f rf no^^ 'P/^IR''^^^ 'nvitation under Article 14 are referred to in this report as "oriS 
and are not annexed to this report since they do not contain amendments (Rules 70. 16 and 70. ^j^f'"^"^ "'^^ 

Description, Pages 

""^ 2 as originally filed 

Claims, Numbers 

^ ^ received on 05.1 1 .2004 with letter of 05.1 1 .2004 

Drawings, Sheets 

^ >2-2ye as originally filed 

2. With regard to the language, all the elements marked above were available or furnished to this Authnritv in tho 
language in which the international application was filed, unless othenA/ise TndST^^^^^^ 

These elements were available or furnished to this Authority in the following language: , which is: 

□ the language of a translation furnished for the purposes of the international search (under Rule 23:1 (b)). 

□ the language of publication of the intemational application (under Rule 48.3(b)). 

° F?ul^55.2^^^ furnished for the purposes of international preliminary examination (under 

^' 'fl^^ll^t^Zi}'' ^r^ nucleotide and/or amino acid sequence disclosed in the international application the 
international preliminary examination was carried out on the basis of the sequence listingr 

□ contained in the international application in written form. 

□ filed together with the international application in computer readable form. 

□ furnished subsequently to this Authority in written form. 

□ fumished subsequently to this Authority in computer readable form. 

The statement that the subsequently furnished written sequence listing does not go beyond the disclosure 
in the international application as filed has been fumished. "«yona me Disclosure 

SfnJhaTbT^^^^^^ '^''''''^^'^ ''''"'P"*®' '^^"^^^^ ^""'"^ sequence 

4. The amendments have resulted in the cancellation of: 

□ the description, pages: 

□ the claims, Nos.: 

□ the drawings, sheets: 



□ 
□ 
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Re Item V 

Reasoned statement with regard to novelty, inventive step or industrial 
applicability; citations and explanations supporting such statement 

Reference is made to the following documents- 

D1 : BOETIUS ANTJE ET AL: "A marine microbial consortium apparently 

mediating anaerobic oxidation of methane." NATURE (LONDON) vol 407 
no. 6804, 2000. pages 623-626, XP002236081 ISSN: 0028-0836' 
BALK MELIKE ET AL: "Themiotoga lettingae sp. nov.. a novel thermophilic, 
methanol-degrading bacterium isolated from a thermophilic anaerobic 
reactor." INTERNATIONAL JOURNAL OF SYSTEMATIC AND 
EVOLUTIONARY MICROBIOLOGY. ENGLAND JUL 2002. vol 52 no Pt 4 
July 2002 (2002-07). pages 1361-1368. XP008015281 ISSN: 1466-5026 ' 
HOEHLER TORI M ET AL: "Field and laboratory studies of methane 
oxidation in an anoxic marine sediment: Evidence for a methanogen-sulfate 

reducer consortium." GLOBAL BIOGEOCHEMICAL CYCLES vol 8 no 4 
1994, pages 451-463, XP008015376 ISSN: 0886-6236 
WO 02/06503 A (US ENERGY) 24 Januaiy 2002 (2002-01-24) 
NAUHAUS KATJA ET AL: "In vitro demonstration of anaerobic oxidation of 
methane coupled to sulphate reduction in sediment from a marine gas 
hydrate area." ENVIRONMENTAL MICROBIOLOGY. ENGLAND MAY 2002 
vol. 4. no. 5. May 2002 (2002-05). pages 296-305, XP002236082 ISSN" ' 
1462-2912 

VALENTINE D L ET AL: "Hydrogen production by methanogens under low- 
hydrogen conditions." ARCHIVES OF MICROBIOLOGY. GERMANY DEC 
2000. vol. 174, no. 6. December 2000 (2000-12), pages 415-421 
XP002236084 ISSN: 0302-8933 



D3: 



D4: 
D5: 



D6: 



The document D1 , which is considered to represent the closest prior art 
discloses (Figures 1-3; Abstract. Equation 1) a process for anaeroblcali; reducing 
sulphate to sulphide by an Archaea / Sulphate Reducing Bacteria (SRB) 
consortium at 4^00. Sulphate has been proposed to be the temiinal electron 
acceptor for anaerobic oxidation of methane (equation 1 )■ 

CH4 + SO42- — > HCO^ + HS+HgO 
The authors conclude from their experiments (p. 625. left column, lines 25-28) 
that the process is a reversal of methane fomiation. involving methanogens and a 
sulfate reducing partner which effectively scavenges Intermediates such as H, or 
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acetate". 



The authors further conclude (p. 625, left column, lines 45-62) that K formation 
would be the most favourable explanation. ' formation 

Present claim 1 differs from D1 in that specific microorganisms (Themiotoga 
mantima and T lettlngae) were experimentally shown to be capable of producing 
Hydrogen from Methane. H>y«ucing 

The problem to be solved by the present application is therefore considered to be 
hydrogen ^ °f '"Ethane to produce 

The solution proposed, namely the hydrogen production by anaerobic methane 
ox.dat.on reversed methanogenesis) by Themiotoga maritima and T. lettingae 
does involve an inventive step for the following reasons- 

The document D1 does not guide the person skilled in the art to use T. maritima 
or T lettingae for said process. Furthemiore. until the filing date of the present 
.denSfeT' "° "'^"^'"^ °' '^''^''^^ methanogenesis In pure culture was 

A consortium hypothesis, explaining anaerabic methane oxidation, in which 
methanogens are postulated to operate in reverse ("reversed methanogenesis") 
faL ; T ^'"^^ ^ """^ber of publications 

Sfi rilrT T'"'^ °' hypothesis, see for example D5 (page 

foLToT r* P^9^ 301, right column, first paragraph) and D6 

(page 41 9. last paragraph - page 420, first paragraph). 

In conclusion, by providing said process comprising specific organisms, the 
applicants have solved a technical problem which wori<ers in the art have been 
attempting to solve for a long time, thereby fulfilling a long-felt need. 

^riol!; ''^T^"* ^ P^^^uctlon involving 

vanous Thermotoga species, including T. maritima and T. napolltana The 
document mentions several hydrocart)ons. but remains silent about methane 
oxidation or methane as a substrate for hydrogen production. 

InHr^T "^L*^^ °^ ^'^''^^ ■'-■'2 new. involves an inventive step 

ana meets the requirements of Article 33 PCT. 
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Independent claim 13 refers to a mere "mixed culture". It is not at present clear 

Document D2. which is considered to represent the closest prior art for this part of 
the .nvent,on. discloses (lines 6-8 of abstract; page 1365. right column 'rst 
paragraph) a syntrophic culture of TMO^ (Them^otoga lettingae sp.) and 

.^^^Zf hT 1 "'° '^^ ^"bject matter of claim 13 differs from this 

in that a different "mixed culture" is claimed. 

The problem to be solved by present claim 13 may therefore be regarded as the 
provision of an altematlve coculture. «a<*faea as me 

The solution proposed, namely the provision of a further coculture comprisinq a 
Thermotogales species and a sulfate reducing species cannot be conTderLd as 
involving an inventive step for the following reasons- 

in view of the disclosure in document D2, the skilled person would regard it as one 
of several straightfonvard options to coculture said organisms The S nelson 

dl 1 rdoes^^^^ °* subject-matter of ' 

claim 13 does not involve an inventive step (Article 33(3) and 6 PCT) 



Re Item VIII 

Certain observations on the international application 



3. 



Claims 1 and 6 do at present not seem to be supported by the description as re- 
quired by Article 6 PCT, as their scope is broader than justified by the de^^p^^^^ 
and drawings. The reasons therefor are the following- a©scnption 

Tmit^d^to ^! '""T'"^ oxidation are 

limited to Thermotoga maritima and Themiotoga lettingae. It does at present not 

Ih? -'"Tf *° ^''""^^ ^" ^'^-"^otogales species are capable of 
producing hydrogen under said conditions.. 
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■ 13. MEl. 2005 ,1 5:0 1 NED. OCTROOIBUREAU 31 70 3527528 NR. 032 P. 19 

<?^<^ • • 

Claims 

^ 1. A process for converting methane to produce hydrogen or hydrogen eqaivaleitfs, 

characterised in that methane is subjected anaerobicaUy to the activity of methane- 
oxidising bacteria of the order of the Thermotogales, 

2. A process according to claim 1, wherein flie methane-oxidising bacteria comprise a 
Thermotoga species. 

3. A process according to claim 2, wherein the Thermotoga species con^rises T. 
maritima or T. lettir^ae. 

4. A process according to any one of claims 1-3, which is carried out at a temperature 
between 25 and 90°C. 

5. A process according to any one of claims 1-4, which is carried out in the presence 
of tfaiosulphate. 

6. A process for reducing chemical conqjounds by biological reduction using 
hydrogea equivalents, cfiaracterised in that the hydrogen equivalents are produced 
by subjecting methane to anaerobic methane-oxidising bacteria of the order of the 
iJiermotogales. 

7. A process according to claim 6, wherein sulphur conq)ounds are reduced to 
sulphide using a sulphate-redudng species. 

8. A process according to claim 7, wherein the sulphur compounds conqnise sulphate 
and/or sulphite. 

9. A process according to claim 7 or 8, wh^^in &e anaerobic methane-oxidising 
species comprises a Thermotoga, Thermosipho or Fervidobacterium species. 

10. A process according to claim 7 or 8, whwan the sulphate-reducing species 
comprises an Arckaeglobus. Desulfotomacuhm, Desu^oromonas, Desulfavibrio or 
TPiermodesvdfovibrio species. 

1 1. A process according to claim 6, wherein metals are reduced from a high valence 
state to a low-valence or zero-valence state. 
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WO 2004/046367 PCT/NL2003/000818 

12. A process according to any one of claims 6-1 1, wherein a temperature of between 
25 and90°C is used. 

13. A mixed culture use, containing one ore more ana^bic mefliane-oxidising 
Thermotogales species, and one or more sulphate^reducing or metal reducing 
species, in particular zArchaeglobus, Destdfotomaculvm, Desulforomonas, 
Desulfavibrio or Thermodestdfovibrio species. 
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# • 

WO 2004/044J367 AMENDED CLAIMS PCT/NL2003/00081S 

{Received by the Intematioiial Bureau on 13 Aprtl 2004 (13.04.04): 
original claim 13 amended; remaining claims unchanged; (2 pages)] 

Claims 

1 . A process for converting methane to produce hydrogen or hydrogen equivalents, 
characterised in that nxethaae is subjected anaerobically to the activity of methane- 
oxidising bacteria of the order of the TTiermotogales. 

2. A process according to claim 1, wherein the metiiane-oxidisiag bacteria comprise a 
Thermotoga species. 

3. A process according to claim 2, wherein the Thermotoga species comprises T, 
maritima or 2! lettingae, 

4. A process according to any one of claims 1-3, which is carried out at a temperature 
between 25 and 90*^0. 

5. A process according to any one of claims 1-4, which is carried out in the presence 
of thiosulphate. 

6. A process for reducing chemical confounds by biological reduction using 
hydrogen equivalents, characterised in that the hydrogen equival«its are produced 
by subjecting methane to anaerobic methane-oxidising bacteria of flie order of the 
Thermotogales. 

7. A process according to claim 6, wherein sulphur compounds are reduced to 
sulphide using a sulphate-reducing species* 

8. A process according to claim 7, wherein the sulphur compounds comprise sulphate 
and/or sulphite. 

9. A process according to claim 7 or 8, wherein the anaerobic methane-oxidising 
species comprises a Thermotoga, Thermosipho ox Fervidobacteriian species. 

10. A process according to claim 7 or 8, wherein the sulphate-reducing species 
comprises doiArchaeghbus, Desulfotomaculum, Desulforomonas, Desulfovibrio or 
Thermodesulfovibrio species. 

11. A process according to claim 6, wherein metals are red\iced from a high valence 

state to a low-valence or zero-valence state. 

AMENDED SH^ET (ARTICLE 19) 
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12 . A process according to any on© of claims 6-11, wherein a texzqyeratuie of between 
25 and 90°C is used. 

13 . A mixed culture, containing one ore more anaerobic methane-oxidising 
Thermotogdles species, and one or more sulphate-reducing or metal reducing 
Archaeglobus, Desulfoiomaculum, Desulforomonas ox Destdfovibrio species. 
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